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Ironing is a conventional metal forming process for producing thin walled cans with uniform thickness 
components manufactured from deep drawn cups. The most important drawback of the conventional 
ironing is that the lower thickness reduction ratio (TRR) requires annealing process and multi stage 
ironing. Recently  a new ironing process named constrained ironing was presented by the current 
authors to achieve an extra TRR to solve the conventional ironing problems. This process  which is 
based on the compressive stresses  makes it possible to achieve high TRR without interruption for 
additional processing such as multi-stage ironing and annealing. In this paper FEM simulation was 
performed to investigate the effective parameters. The simulation results showed the process load 
increases with increasing the friction coefficient. Also  the state of the stresses is fully compressive in 
constrained ironing process while it is tensile in the conventional ironing method. Thus  compressive 
stress components minimize formability problems  and higher thickness reduction ratio is achievable in 
the new ironing method. Moreover  experimental results showed that the tensile strength and hardness 
increased after constrained ironed of the deep drawn cup. 
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b) 
Fig. 1 A schematic of a) conventional ironing and b) 
constrained ironing 
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Table 1 The pure Al properties and process parameters  
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a( d)                     c)                     b)                      
Fig. 2 The models of a) deep drawn cup  b) conventional ironed 
cup  c) constrained ironed cup with 30% TRR and d) 80% TRR 
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Fig. 3 load-displacement curves of the finite element simulation 
and experiment 
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Fig. 4 Equivalent friction coefficient FEM simulation with the 
experiment 
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a(   b)                                                            
Fig. 5 The contour of axial stress for (a) constrained and (b) 
conventional ironing 
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Fig. 6 Deep drawn and ironed cup  
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c) 
Fig. 7 Optical microscope images of a) annealed sample  b) and 
c) ironed sample 
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Fig. 8 Engineering stress-strain curves of deep drawn and 
ironed cups 

8 -     

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
21

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

14
 ]

 

                               5 / 7

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.21.6
https://mme.modares.ac.ir/article-15-6858-en.html


    

      

1395162  145  

  
Fig. 9 Engineering stress-strain diagram of annealed sample  
constrained ironed sample and hydro ironed sample 
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Fig. 10 Microardness distribution in the deep drawn and ironed 
cup walls 
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